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ABSTRACT 

Hydraulic  actuators  can  be  used  in  large  number  of  applications  like  machinery,  automobiles,  robot 
mechanical  design  etc.  in  present  work  we  choosen  closed  loop  Electro-hydraulic  actuator  with  proportional  valve 
coupled  with  a  feedback  system.  The  time  response  of  the  hydraulic  actuator  is  notable  especially  when  it  is  used  for 
lifting  the  load.  In  this  view  estimating  the  time  response  of  the  hydraulic  actuator  prior  to  its  usage  is  going  to  be  very 
useful  to  analyze  the  Effectiveness  of  the  system.  Which  will  also  useful  to  get  an  optimum  design  parameters  for 
hydraulic  actuator.  In  the  Present  work  a  position  control  electro-hydraulic  linear  actuator  was  choosen  which  can  be 
used  for  Monitoring  the  movements  of  loads.  Numerical  Calculations  of  the  hydraulic  actuator  and  its  components  is 
done  by  using  the  mathematical  equations.  Matlab/Simulink  Software  is  used  to  obtain  the  time  response  of  the  linear 
actuator 
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INTRODUCTION 

Nowadays  most  of  the  machines  using  in  industries  are  multi-axis  machines  in  that  many  of  them, 
especially  of  large  power  are  operating  with  electro-hydraulic  power  and  Monitored  by  proportional  or  servo 
valves. 

Motion  in  every  axis  need  to  be  operated  in  an  open  or  closed  loop  control  environment,  based  on  the 
level  of  accuracy  requirment  ,  and  the  features  of  the  instruments  were  implemented  in  the  system.  In  many 
situations  the  cycle  motions  are  slow  and  not  require  high  accuracy  and  the  devices  used  are  showing  stable  and 
close  to  linear  characteristics.  In  these  cases,  an  open  loop  control  system  would  be  a  Convenient,  simple  and 
Economic  solution.  A  closed  loop  control  system  is  useful  when  the  system  dynamics  is  skittish  and  the  expected 
level  of  accuracy  is  high. 

PROBLEM  DEFINITION 

The  main  aim  of  this  paper  is  designing  a  new  electro  hydraulic  actuator  for  lifting  1  ton  of  load. 
Electro  hydraulic  actuator  means  we  give  the  electrical  signal  as  input  according  to  this  signal  the  actuator  runs. 
Based  on  the  Actuator  design  we  should  select  the  pump,  pipe,  directional  valve,  proportional  valve,  and  spring 
mass  system  parameters  according  to  performance  characteristics.  After  we  find  out  the  acceleration  time  response 
it  is  Equated  with  the  real  time  response  graphs  to  know  the  similarity. 
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MECHANICAL  SETUP  OF  ELECTRO  HYDRAULLY  OPERATED  ACTUATOR 

Description  of  Hydraulic  Components 

The  following  subsections  comprise  a  short  description  of  the  Principal  Hydraulic  parts  that  structure  a  typical 
position  controlled  system 

•  Supply  of  Hydraulic  Power 

•  Valve  to  Control  Flow 

•  Linear  Hydraulic  Actuator 

•  Pump 

EXPERIMENTAL  RESULTS  &  VALIDATION 
Numerical  Statistics  used  in  the  Present  Study 
For  Actuator 

The  cylinder  Design  Diagram  is  shown  in  Appendix 


Piston  Cylinder  Diameter  D 

=  100mm 

Area  of  the  Cylinder  A! 

=  (7td2/4)  =  7853.88  mm2 

Rod  end  cylinder  diameter  d 

=  70mm 

Rod  end  cylinder  area  A2 

=  3848.45  mm2 

Net  Area  A 

=  706.85  mm2 

Total  stroke  length 

=  2600mm 

Pipe  Data 


Pipe  Diameter 

=  30mm 

Thickness 

=  3mm 

Pipe  length 

=  5m 

Pump  Data 

Pump  Performance  Characteristics  Provided  in  Appendix 


Pump  Displacement 

=  131.1  Cm3 /rad 

Pump  Speed 

=  1500  rpm 

Power 

=  45  KW 

Spring  Mass  System  Data 


Mass 

=  1000kg 

Spring  rate 

=  15000  N/m 

Impact  Factor  (JCC):  7.6197 
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SIMULINK  MODEL 

Below  Figure  Shows  the  Simulink  model  of  the  chosen  actuator.  The  model  diagram  is  designed;  the  design 
process  and  selection  of  parameters  are  described.  The  actuator  model  diagram  is  constructed  by  individual  blocks  are  drag 
from  the  Simulink  library  browser  to  the  main  window  and  connect  this  blocks  according  to  fluid  flow.  Finally  to  observe 
the  time  response  of  the  Actuator  we  connected  a  device  called  scope  block.  The  detailed  information  about  individual 
blocks  is  represented.  Then  after  input  signal  is  arranged  in  the  signal  builder  as  per  our  requirements.  And  edit  the 
individual  blocks  and  enter  the  parameter  values.  Start  simulation  process  by  click  on  the  start  symbol,  after  completion  of 
the  simulation  process  we  can  see  the  results  on  scope  block  as  a  graph  of  the  Actuator  motion  with  respect  to  time. 


File  Edit  View  Simulation  Format  Tools  Help 


Figure  1:  Simulink  Model  of  Hydraulic  System 


After  completion  of  simulation  process,  we  will  get  the  Time  Response  of  the  Actuator  motion  in  Graph  in 
MATLAB-  SIMULINK.  The  results  are  shown  in  below  figure. 


Figure  2:  Time  Response  of  Actuator  Motion  Graph 
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In  the  above  graph  Pink  color  line  represents  the  input  and  yellow  color  line  represents  the  output 


Figure  3:  Error  Graph 


Figure  4:  Force  Acting  on  the  Actuator 


Time  Vs  Stroke  Length 


Figure  5:  Time  Vs  Stroke  Length  Graph 


Impact  Factor  (JCC):  7.6197 
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\  Time  Vs  Flow  rate  \ 


Figure  6:  Time  Vs  Flow  Rate  Graph 

Below  figure  shows  the  Real  time  Response  graph  of  the  Actuator  from  the  Experimental  Data 
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Figure  7:  Real  time  Graph  of  the  Actuator  Shifting  Forward 


Figure  8:  Real  time  Graph  of  the  Actuator  Shifting  Backward 
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Determination  of  Unknown  Parameter 

Acceleration  and  deceleration  times  are  the  unknown  parameter.  Here  we  should  find  out  the  acceleration  time 
from  the  resultant  graphs. 

Hydraulic  Cylinder  Calculations 

Cylinder  Diameter  D  =  100mm,  Rod  diameter  d  =  70mm 
Area  of  the  Cylinder  Ai  =  (7td2/4) 

=  7853.88mm2 

Cylinder  Output  Force 

Push  force  =  Pressure  x  Cylinder  Area 

Cylinder  Blind  End  Area  =0. 0078m2 
Pressure  =  120  x  105  N/m2 

Push  force  =  Pressure  x  Cylinder  Area  =  120  x  105  x  0.0078=  94  KN 

Push  force  =  94KN 

Pull  Force 

Cylinder  Rod  End  Area  =  0.0007  m2 
Pressure  =  120x  105  N/m2 

Pressure  X  Cylinder  Area  =  120  x  105  x  0.0007  =  8.48  KN 
Push  force  =  8.48  KN 

Pipe  Calculations 

Pipe  diameter  =  0.027m 

Area  =  5.762  x  10'4  m2 

Geometrical  Shape  factor  =  64(circular) 

Reynolds  number  Re  =  pvd  /p 

Velocity  v  =  227  m/s 

Density  of  the  fluid  p  =961.8 

Viscosity  p  =  7.1283  cst 

Re  =  pvd  / p 

Re  =  961.8  X227  x  0.027  /  7.1283 

=  826.96  <  2000  the  flow  is  laminar 


Impact  Factor  (JCC):  7.6197 
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Friction  factor  (f)  =  64  /  Re  =  0.07 

Step  1 

Divide  the  total  stroke  length  into  no  divisions  as  follows 
Assume  stoke  lengths  and  time  from  this  we  should  find  acceleration 
Stroke  lengths  Si  =  109  mm,  Time  0  =  480  ms  =  0.48  s 

52  =  1818  mm.  Time  t2  =  8.2  Sec 

53  =  46  mm.  Time  t4  =  200  ms 

54  =  550  mm,  Time  t,  =  2.42  Sec 

55  =  77  mm.  Time  t,  =  340  ms 

Step  2 

Velocity  Vi  =  Si  /  ti 


=  109/480  =  227.08  m/s 


2 


0.109  =  0.5x  a  x  (0.48)2 
a  =  946  mm  /  s2 
Flow  rate  =  volume  /  unit  time 
Volume  =  7tR2h 

=  ji  x  (0.05)2  x  0.109  =  8.56  x  10'4m3 
Flow  rate  f,  =  8.56  x  10'4m3/s 

=  8.56  x  10"4x  1000X60  =  51.36  lit /min 

Flow  rate  f4  =  51.36  lit  /  min 


5  =  —at2 

2 


From  acceleration  and  stroke  length  we  calculate  the  time 

Time  ti  = 


Acceleration  time  t4  =  480  ms 
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Step  3 

Flow  rate  =  volume  /  unit  time 
Volume  =  ?t(R  -  r)2h 

=  ;tx  (0.015)2x  1.818  =  1.285  X  10'3m3 
Flow  rate  f2  =  1.285  x  10'3m3/s 
=  1.285  x  10'3  x  lOOOx  60=77.1  lit /min 

Flow  rate  f2  =  77.1  lit  /  min 

Step  4 

From  deceleration  and  stroke  length  we  calculate  the  time 
Time  t3  = 


2X4& 
115  D 


=  200ms 


Flow  rate  =  volume  /  unit  time 
Volume  =  7t(R-  r)2h 
=  7t  x  (0.015)2  x  0.046=  3.25  x  10-5  m3 


Flow  rate  f,  =  3.25  x  10"5  m3/s 


=  3.25  x  10'  x  lOOOx  60=  1.95  lit /min 

Flow  rate  f3  =  1.95  lit  /  min 


Step  5 

Flow  rate  =  volume  /  unit  time 

Volume  =  ti(R-  r)2h 

=  jix  (0.015)2  x  0.55=  3.88  x  10'4m3 

Flow  rate  f4  =  3.88  x  10"4m3/s 

=  3.88  x  10'4x  lOOOx  60  =  23.32  lit /min 

Flow  rate  f4=  23.32  lit  /  min 


Step  6 

Flow  rate  =  volume  /  unit  time 
Volume  =  ti(R-  r)2h 
=  jix  (0.015)2x  0.077=  5.44  x  10_5m3 


Impact  Factor  (JCC):  7.6197 
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Flow  rate  f5  =  5.44  x  10"5m3/s 
=  5.44  x  10'5x  lOOOx  60  =  3.26  lit /min 

Flow  Rate  f5  =  3.26  lit  /  min 

For  the  same  simulation  model  diagram  different  types  of  input  signal  are  given  example  sine  wave  and  step 
signal.  The  actuator  motion  is  observed  and  the  resultant  graph  are  shown  in  below  figures. 

ar..m  OaJE 


Figure  9:  Time  Response  Graph  of  the  Actuatot,  Sine  Wave  is  Given  as  Input  Signal 


Figure  10:  Time  Response  Graph  of  the  Actuator,  Step  Signal  is  given  as  Input  Signal 
RESULTS  AND  DISCUSSIONS 

In  this  case  Study  a  step  signal  is  given  as  sign.  The  actuator  that  designed  by  choosing  the  parameters  from  the 
product  chart.  The  time  response  was  acquired  from  the  scope  block  through  MATLAB/SIMULINK  software.  The  time 
response  of  a  system  is  the  way  in  which  it  acts  with  respect  to  time  and  which  plays  a  vital  role  for  assessing  the  system 
performance.  Time  responses  was  plotted  as  time  on  the  Horizontal  axis(  X-axis)  and  Amplitude  on  the  vertical  axis  (Y- 
axis).  The  time  response  of  an  actuator  was  shown  in  the  above  Figures, 
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The  schematic  Diagram  of  Electro  hydraulic  actuator  was  shown  in  Figure  1  and  Figure  2  represents  the  time 
response  of  the  Actuator  which  shows  an  adequate  balance  between  rise  time  and  overshoot.  The  acquired  time  response  is 
also  compared  with  the  time  response  graphs  acquired  from  experimental  studies  of  electro-hydraulic  actuator,  which  were 
represented  in  above  figures  and  both  were  found  to  be  in  good  compromise. 

CONCLUSIONS 

Mathematical  models  were  implemented  for  the  hydraulic  parts  like  hydraulic  actuator,  piston  chambers, 
proportional  valve  and  variable  displacement  pressure  compensated  pump  as  per  the  system  requirements,  properties  of  the 
flowing  fluid  and  system  characteristics,.  This  time  response  is  a  very  important  factor  for  critical  system  like  a  motion 
control  actuator. 

•  These  Simulink  models  of  hydraulic  actuator  work  like  a  virtual  hydraulic  actuator  and  we  can  acquire  the 
response  of  the  system  with  respect  to  time  while  not  physically  testing  the  mechanism. 

•  The  time  response  of  the  electro  hydraulic  actuator  is  acquired  by  using  the  MATLAB/SIMULINK  software. 

•  By  using  the  above  said  models  the  performance  of  the  hydraulic  parts,  like  pump  and  proportional  valve  etc  can 
be  monitored. 

•  By  variable  the  scheme  parameters  like  pressure,  active  annulus  area,  stroke  length,  control  current  etc  the 
designer  will  gain  optimum  parameters  of  the  hydraulic  mechanism. 

•  With  the  help  of  these  MATLAB/SIMULINK  models  of  electro  hydraulic  actuator  the  time  response  of  the 
hydraulic  mechanism  will  be  obtained  while  not  physically  testing  the  mechanism 

•  The  time  responses  obtained  from  the  simulation  are  compared  with  the  Experimental  hydraulic  actuator  data  and 
found  to  be  in  Coinciding. 
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